We analyzed the communities of soil basidiomycetes in agroecosystems that differ in tillage history at the Kellogg Biological Station Long-Term Ecological Research site near Battle Creek, Michigan. The approach combined soil DNA extraction through a bead-beating method modified to increase recovery of fungal DNA, PCR amplification with basidiomycete-specific primers, cloning and restriction fragment length polymorphism screening of mixed PCR products, and sequencing of unique clones. Much greater diversity was detected than was anticipated in this habitat on the basis of culture-based methods or surveys of fruiting bodies. With "species" defined as organisms yielding PCR products with >99% identity in the 5 650 bases of the nuclear large-subunit ribosomal DNA, 241 "species" were detected among 409 unique basidiomycete sequences recovered. Almost all major clades of basidiomycetes from basidiomycetous yeasts and other heterobasidiomycetes through polypores and euagarics (gilled mushrooms and relatives) were represented, with a majority from the latter clade. Only 24 of 241 "species" had 99% or greater sequence similarity to named reference sequences in GenBank, and several clades with multiple "species" could not be identified at the genus level by phylogenetic comparisons with named sequences. The total estimated "species" richness for this 11.2-ha site was 367 "species" of basidiomycetes. Since >99% of the study area has not been sampled, the accuracy of our diversity estimate is uncertain. Replication in time and space is required to detect additional diversity and the underlying community structure.
Decomposer fungi are an important component of many terrestrial ecosystems, yet their presence and roles in nutrient cycling, plant succession, soil stabilization, and other ecosystem processes are often underrecognized (15, 21) . We use the terms saprotrophic and saprobic for these organisms, in preference to saprophytic, since the latter refers to plants that feed on dead matter-although true saprophytes probably do not exist (29) . Saprotrophic fungi include members of most phyla, but members of the phylum Basidiomycota (informally, basidiomycetes) are the main decomposers of recalcitrant components of plant litter through the production of lignin-modifying enzymes, such as lignin peroxidases, manganese-dependent peroxidases, and laccases (46) . Approximately 8,500 described species of basidiomycetes are lignocellulose-degrading saprotrophs (24) , and about half of these occur in soil and on fallen plant litter. Soil-inhabiting basidiomycetes also include a few important plant pathogens, such as Rhizoctonia (49) , and at least 4,500 species that form mutualistic associations known as ectomycorrhizae with roots of vascular plants (24) . Thus, approximately 9,000 described species of basidiomycetes are terrestrial, but how many might occur in any one locality is not well-known outside Europe.
Diversity estimates of soil-inhabiting basidiomycetes are usually based on surveys of their ephemeral fruiting bodies ("mushrooms") (39, 62) , since these fungi are difficult to isolate from soil and culture (59) . Thus, detection and accurate identification of all members of the soil basidiomycete com-munity have been difficult. DNA-based surveys of microbial communities provide a way of examining species composition without culturing and can potentially provide a more complete picture of mixed environmental samples (3, 16, 25, 44) . Gardes and Bruns (19) used basidiomycete-specific primers to identify basidiomycetes from ectomycorrhizal roots and discovered a different community than the community known from aboveground fruiting bodies. However, most molecular studies of microbial community diversity have focused on prokaryotes.
Previous sequence-based surveys of fungal diversity in forested and nonforested ecosystems have usually been limited in scope and have detected only limited genetic and species diversity among soil basidiomycetes (4, 23, 26, 28, 50, 60) . In a high-throughput study of fungi from forest soil and litter in North Carolina, O'Brien et al. (40) identified 412 sequence types among 863 internal transcribed spacer (ITS) sequences of fungi, 41% of which represented basidiomycetes. As specieseffort curves were linear, they concluded that their samples underestimated the fungal diversity at those sites (40) . Clearly, even with molecular techniques, we have not yet fully explored the diversity of soil fungi, especially basidiomycetes.
Basidiomycetes are important in soil ecology, but little is known of their species diversity in grassland and agricultural ecosystems outside of Europe. Of the ϳ3,400 species of macrofungi in The Netherlands, 365 are grassland species, and 32 occur in arable fields (6) . The macrofungal communities of European grasslands contain 4 to 135 species per plot (which ranged from 1 m 2 to Ͼ25 ha) in unfertilized grasslands, 16 to 29 species in fertilized grasslands, and 2 to 21 species in weedy communities (6) . These studies are based on collections of fruiting bodies, and 20 years or more is needed to approach a complete listing (39) . Equivalent studies of grassland fungal communities in North America are lacking. In a culture-based study of lignin-degrading basidiomycetes from Michigan agri-cultural soils, 67 isolates representing 51 morphotypes were recovered (59), a larger diversity than is commonly found in such agroecosystems (6) . This high yield of basidiomycete cultures was accomplished through a particle-washing technique followed by plating on a selective medium. However, the habitats present in the study site were not sampled systematically, and ectomycorrhizal basidiomycetes and some saprotrophic basidiomycetes would not grow using the method and medium chosen (59) .
Our objective was to assess the diversity of basidiomycetes in Michigan agricultural soils. Our hypothesis was that a greater diversity would be detected using a method based on selective amplification of basidiomycete DNA than was obtained by a culture-based method. There are no prior intensive studies of the basidiomycete diversity in grassland or agricultural soils. We expect that such studies will lead to the discovery of new species and groups of basidiomycetes and will be of benefit to the fields of soil ecology and agronomy because of the functional importance of basidiomycetes in soil. (13) , but there are now a series of replicate plots of varied cropping systems and successional plant communities on land that was farmed commercially until 1989 (http://lter.kbs.msu.edu/experimentalDesign .html).
MATERIALS AND METHODS

Study
Soil sample collection and DNA extraction. One hundred sixty soil cores (2.5-cm diameter ϫ 15-cm depth) were taken in June and October 2002 and stored at 4°C until processed. Five samples came from each of four replicate plots of conventional tillage, no-till, historically tilled succession, and never tilled succession treatments. The combined area of the plots sampled is ϳ11.2 ha, of which our sample cores (a total of 785 cm 2 ) represent ϳ7 ϫ 10 Ϫ7 . The litter horizon and top 5 cm were excluded to avoid surface effects and fungal species subsisting only on litter decomposing at the soil surface as well as basidiospores carried in the air from distant sources (8, 18) and for comparability with previous studies (59) . A maize-soybean-wheat crop rotation is implemented at the KBS-LTER, with maize planted in the year of this study. Soil cores from agricultural treatments (conventional tillage and no-till) were sampled alternately from within and between rows. Subsamples of 10 g were suspended in 150 ml of 0.1 M sodium pyrophosphate, shaken for 5 min and washed with tap water through sieves of 1.18-, 0.25-, and 0.053-mm mesh to remove bacteria and most fungal spores and maximize hyphal yield. The sieves were rinsed with tap water and sterilized with 70% ethanol between samples. DNA was extracted with Ultra-Clean soil DNA kits (Mo Bio Laboratories, Inc., Solana Beach, CA) from 250 l of washed organic material collected on the 0.053-mm mesh sieve. The 53-to 250-m size fraction was chosen for study, since previous culture-based studies found the greatest diversity of fungi, including basidiomycetes, in particles of this size range (8, 9) . Particle washing removes most bacteria and spores of nontarget ascomycetes and zygomycetes, and the use of sodium pyrophosphate to disperse soil colloids reduces the amount of washing required to achieve this effect (59) . Microscopic examination of soil particles washed with sodium pyrophosphate revealed fragments of plant debris, fungal hyphae, sclerotia, and rhizomorphs, but no spores (59) . Cells were disrupted by bead beating in a FastPrep FP120 (Bio101; QBiogene, Carlsbad, CA) with four cycles of 30 s at a setting of 4.0, alternating with 5 min on ice.
PCR amplification and TA cloning. Primers with specificity to conserved sequences in basidiomycetes (Basid-2Rϩ [5Ј-TACCGTTGTAGTCTTAACAG-3Ј] [modified from the primer in reference 54] and Basid001 [5Ј-GCTTTACCA CATAAATCTGA-3Ј] [58] ) were used to reduce amplification of other filamentous fungi, including ascomycetes, zygomycetes, and glomeromycetes. These primers yield DNA fragments ϳ2.4 kb in length that span the nuclear ribosomal internal transcribed spacer regions and include ϳ1,000 bp of both the nuclear small-subunit ribosomal DNA (nSSU rDNA) and nuclear large-subunit ribosomal DNA (nLSU rDNA) genes. Specificity and phylogenetic coverage of these primers were checked by searching for short nearly exact matches in BLAST (2; http://www.ncbi.nlm.nih.gov/BLAST/) and in comparisons with aligned reference sequences from GenBank.
PCR was performed with 30 cycles of 30 s at 94°C, 30 s at 55°C, and 2 min at 72°C, with 2 min of preheating at 95°C and a final extension of 7 min at 72°C. Results were inspected visually following agarose gel electrophoresis. Bands of expected size were extracted from the gel using QIAprep Miniprep (QIAGEN Inc., Mississauga, Ontario, Canada) and used as a template for TOPO TA cloning (Invitrogen Corp., Mississauga, Ontario, Canada).
Twelve transformed colonies were picked and subjected to restriction fragment length polymorphism (RFLP) screening following digestion with either RsaI or MspI (Fisher Scientific Ltd., Nepean, Ontario, Canada). RFLPs were compared within, but not between, sets of 12 from each cloning reaction. Clones with a unique RFLP banding pattern within a cloning reaction were sequenced by using the LR3 (61) sequencing primer in a CEQ 8000 capillary DNA analysis system (Beckman Coulter, Fullerton, CA). Sequences yielded ϳ650 bp from the 5Ј end of the nLSU rDNA gene, including the D1 and D2 divergent domains (21); 18S and ITS regions of the clones were not sequenced. Sequences were tested for chimeras resulting from PCR by using the Chimera Check program (14) . KBS-LTER sequences were clustered by using the complete linkage (furthest-neighbor) algorithm in the DOTUR computer package (51) on the KBS-LTER sequences (to assess the number of "species" detected from KBS-LTER) and with named reference sequences from GenBank (to assign identities to the environmental sequences). Sequences with less than 99% nucleotide identity were considered to represent different "species," following the definitions in other studies of 5Ј nLSU rDNA in fungi (30, 33, 47) . "Species" accumulation curves and estimates of total "species" richness were calculated with EstimateS (version 7.5; Robert K. Colwell, Department of Ecology and Evolutionary Biology, University of Connecticut [http://purl.oclc.org/estimates]) using the abundance-based coverage estimate nonparametric estimator on the basis of the number of encounters (clones) of each "species." Phylogenetic analysis. Phylogenetic trees were constructed by using all cloned sequences together with all nonredundant nLSU sequences of named basidiomycetes obtained from GenBank. Reference sequences that were phylogenetically related to cloned KBS-LTER sequences were retained, and others were deleted from the final analyses. Sequences were aligned by using ClustalX v.1.81 (57) , and the alignments were improved manually. Models of DNA evolution were evaluated with Modeltest v.3.6 (45). Phylogenetic analysis was performed with PAUP* v4.0b10 (55) . The neighbor-joining method, using the Tamura-Nei nucleotide substitution model (56) , was used to determine general tree topology and clade composition, and bootstrap support was evaluated by using 1,000 replicates. The sequence alignment and tree files have been submitted to Tree-BASE (http://www.treebase.org/ as M2839 and S1577, respectively).
Nucleotide sequence accession numbers. All environmental sequences were deposited in GenBank as accession numbers DQ341602 to DQ342010.
RESULTS
Primer specificity and coverage. A BLAST search for primer
Basid2Rϩ yielded perfect matches (all 20 bases) in 1,621 nSSU basidiomycete rDNA sequences, including all groups for which sequences are available. Perfect matches were also found in nSSU rDNA sequences from three ascomycetes (Candida humicola, Escovopsis sp., and Taphrina californica), two zygomycetes (Rhizomucor miehei and Rhizomucor pusilus), and the animals Paraphanostoma (Nemertea) and Austropallene (Chelicerata). Several sequences of Geotrichum and Dipodascus (ascomycetes) differ only in having a C instead of a T at base 7 of the primer sequence. The next closest ascomycetes all lack the two bases (AG) at the 3Ј end of the primer. A small number of basidiomycetes differ by a single base in the middle of the primer (position 11, 12, or 14) . A BLAST search found perfect matches (20 of 20) to primer Basid001 in 1,329 homobasidiomycete nLSU rDNA sequences plus sequences from the zygomycetes Rhizopus, Rhizomucor, and Entomophthora. Perfect matches were found in seven of the eight major clades of homobasidiomycetes (24) , whereas members of the cantharelloid clade and the Auriculariales typically have an A instead of a T at base 16 (five bases from the 3Ј end), and a few homobasidiomycetes have a single base difference at one of the bases from position 18 to 20. An analysis of aligned reference sequences showed that most other fungi, including the remainder of the heterobasidiomycetes plus the ascomycetes, zygomycetes, glomeromycetes, and chytrids, have a complete match for the primer except at positions 9 (T) and 16 (A). Sequences of rDNA in plants and most animals differ by several bases at each end of both primers. Species richness. Successful PCR amplifications were obtained from 98 of 160 soil samples, and from these we recovered 1,146 clones, of which 472 had unique RFLP patterns within their cloning reaction. These 472 clones were sequenced, yielding 409 unique basidiomycete sequences, plus 11 sequences from zygomycetes or glomeromycetes and 52 sequences from ascomycetes. Two amplifications yielded only clones of ascomycetes, glomeromycetes, or zygomycetes, and one sample yielded no clones with inserts. When "species" were defined as organisms yielding PCR products with Ն99% identity in the 5Ј 650 bases of the nuclear large-subunit ribosomal DNA, 241 "species" were detected among the environmental sequences (Fig. 1 ). Alternative definitions of Ն98% or Ն97% identity yielded 196 and 176 "species," respectively. There was greater similarity among sequences from KBS-LTER than between these environmental sequences and reference sequences from GenBank (Fig. 1, lower and upper curves, respectively). The area between the curves indicates diversity that is not represented in GenBank. Only 24 of 241 "species" detected in our survey had matches of Ն99% with known reference sequences in GenBank (Table 1) .
Individual 10-g samples yielded one to nine "species" ( Fig.  2A ), indicating high "species" density as well as high diversity.
The "species" accumulation curve for combined samples (Fig.   2B ) and the low number of "species" found in more than one sample indicate that much diversity remains to be discovered with additional sampling. The abundance-based coverage estimate algorithm of EstimateS estimated total "species richness" as 367 "species," suggesting that our sample includes approximately two-thirds of the "species" estimated to be present in the 11.2-ha site. Use of the classic Chao1 algorithm in Esti-mateS provided a similar estimate of 375 "species."
Identification of sequences. On the basis of phylogenetic analysis of the nLSU rDNA sequences, all 241 "species" detected from KBS-LTER were assigned to an order, and all but 26 "species" were assigned to terminal clades at the genus or family level (Fig. 3 ). Both the assignment of genera to major clades and the overall topology of the tree are generally in good agreement with the few available broad phylogenetic analyses of basidiomycetes (10, 17, 34) . Sequences from KBS-LTER represented both heterobasidiomycetes (sensu reference 27) and homobasidiomycetes (24, 27) or, alternatively, urediniomycetes and hymenomycetes (sensu reference 54) . No sequences of ustilaginomycetes (smuts and their relatives) were detected. Heterobasidiomycetes were represented by basidiomycetous yeasts (Tremellales, Cystofilobasidiales, Filobasidiales, and Trichosporonales), jelly fungi (Auriculariales) and rusts related to Eocronartium (Urediniomycetes: Platygloeales). The majority of basidiomycete sequences (215 species) were placed among the homobasidiomycetes and represented most clades corresponding to the classification of Hibbett and Thorn (24) (Fig. 3) . Groups with multiple genera included the polyporoids, ceratobasidiales, hymenochaetoids, cantharelloids, and euagarics. More than half of the "spe- a Reference sequences are listed in the order of major clades depicted in Fig. 3 . b n, number of times encountered (cloned).
FIG. 1. Clustering of basidiomycete sequences isolated from the Kellogg Biological Station Long-Term Ecological Research site in June and October 2002 with known GenBank sequences (open circles)
and among themselves (solid circles). Clustering is based on genetic distance of 650 bases from the 5Ј end of the nLSU ribosomal DNA region using the F84 model of DNA evolution and is calculated using the complete linkage (furthest-neighbor assignment) algorithm in the DOTUR computer package (51); "species" are defined as clusters differing by more than the genetic distance indicated at each point on the curves. The area between the two curves indicates diversity not represented in GenBank.
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cies" (155 of 241) and terminal clades (30 of 56) in this analysis were euagarics. Sequences of euagarics included representatives of many saprotrophic taxa well-known from grasslands and agroecosystems, such as Agaricus, Bolbitius, Conocybe, Coprinellus, Entoloma, Hygrocybe, Nolanea, and Psilocybe.
DISCUSSION
Species richness. For territorial organisms whose mycelia range in area from square meters to hectares (20, 52) , a species density averaging 3.4 (up to 9) species per 10-g sample comes as a surprise. Similarly, grassland and especially agricultural habitats are regarded as depauperate in basidiomycetes (6) , but in our study we detected 94 "species" of basidiomycetes in agricultural plots (conventional tillage and no-till maize), 182 "species" in successional plots (historically tilled and nevertilled succession), and "241" species total. The total "species" richness predicted by EstimateS, 367 species, is equivalent to the total number of species of grassland macromycetes known from The Netherlands (6) . The majority of "species" detected were not represented by reference sequences in GenBank, and several poorly known clades contained multiple species (clavarioids with 45 species, the sister group to Volvariella with 22 species, and Pneumatospora with 11 species). Similar studies of basidiomycetes in grasslands and agricultural soils from other locations may also detect unanticipated diversity in these fungi. Some of the "missing species" of fungi (22) may well be beneath our feet.
Molecular studies of microbial diversity could overestimate "species" diversity due to DNA sequence errors introduced by Taq polymerase, chimeras formed during PCR amplification, and the presence of heteroduplex DNA after PCR (1, 44) . Acinas et al. (1) started with many more colonies (1,000) from two sites, and their results would therefore be more susceptible to overestimation. In our study, individual samples were not studied in as much detail, and all sequences were tested for the presence of chimeras. Even if some sequence diversity results from errors in sequencing or amplification, Fig. 1 and 3 show that the clade diversity is high. The many divergent clades detected, most with a relatively small number of "species," suggests that overestimation of diversity caused by PCR artifacts was not a major problem in our study.
Clade diversity and ecology. Primers Basid2Rϩ/Basid001 yielded a broad array of basidiomycetes from Michigan agricultural soils, including representatives of all major groups except the smuts (Ustilaginomycetes). Out of 1,146 clones recovered, only 63 yielded sequences of ascomycetes, zygomycetes, and glomeromycetes, primarily from soil samples that yielded few or no basidiomycetes. The basidiomycete specificity of Basid2Rϩ is primarily at the 3Ј end of the primer, which is particularly important in primer specificity (32) . Although primer Basid001 would not be expected to contribute much basidiomycete specificity except in high-stringency PCR, the combination of Basid2Rϩ and Basid001 appears to give broad coverage and moderately good specificity for basidiomycetes. The broad taxonomic range of basidiomycete sequences recovered ( Fig. 3 ) confirms the utility of these primers, although we cannot exclude the possibility that a few taxa or even major unknown lineages of basidiomycetes possess novel mismatches in the targeted regions and were not detected in our sampling for this reason.
The 5Ј end of nLSU rDNA is moderately conserved, and basidiomycetes are relatively well represented in GenBank for this gene region, a combination that allowed us to resolve the identity of all 241 basidiomycete sequences recovered at least to an order. In contrast, in a similar study of fungi from forest soils (40) , only 60% of 169 novel sequences among cloned fungal ITS sequences could be assigned to an order. ITS sequences of basidiomycetes are not yet as well represented in GenBank, and the high variability of this region means that a poor match (Ͻ90%) is phylogenetically uninformative. The ITS region and the highly conserved 3Ј nSSU rDNA region are contained in our clones but were not sequenced in this study. For a few sequences, the phylogenetic placement to a genus was unstable in our analyses, depending upon the reference sequences used as clustering points. Their closest matches in GenBank are other unidentified environmental sequences from soil (40) , and their identities are currently unresolved (Fig. 3, unknown clades 1 and 2) . Most of the "species" (155 of 241) and clades (30 of 56) detected are members of the euagarics (Agaricales), which are well-known as saprotrophs on litter and in soil. The clavarioid clade (coral fungi related to Clavaria) was particularly well represented with 45 species, or more than 20% of the total basidiomycete diversity detected. Although many species of Clavaria are recognized as grassland taxa and 21 are listed as threatened in Europe (7) , their true diversity has apparently gone unrecognized. Other saprotrophs detected include Exidia/Exidiopsis (Auriculariales, Heterobasidiomycetes), Scytinostroma (russuloid clade), Geastrum and Sphaerobolus (gomphoid/phalloid clade), Phanerochaete, Sistotrema and other members of the polyporoid clade, Hyphodontia and Cyclomyces (hymenochaetoid clade), and Pneumatospora (cantharelloid clade). Pneumatospora obcoronata (ϭ Tricellulortus peponiformis) has been isolated from fresh and fallen leaves in Malaysia (31) , Japan (37) , and Barbados (41) . These KBS-LTER sequences are the first instance of this (or a closely related) species found outside of tropical regions. The presence of 11 "species" in this clade from KBS-LTER indicates that this portion of the phylogenetic tree has not yet been adequately sampled.
A number of clades include fungal symbionts of plants or algae. Three species were detected in a clade with Rickenella pseudogrisella (hymenochaetoid clade), a small mushroom associated with thallose liverworts (36) . This clade, part of the group formerly known as Omphalina (48) , contains a number of bryophilous mushrooms, and our results suggest that more diversity is present in this group than has been recognized. Four "species" were detected in a clade with Multiclavula mucida (cantharelloid clade), a species with minute clubshaped fruiting bodies that is associated with green algae (36, 42) . Four "species" were detected in a clade together with Eocronartium muscicola (Urediniomycetes), which is biotrophic on weedy ephemeral bryophytes. The Ceratobasidiales includes the teleomorphs of Rhizoctonia species that cause damping-off diseases and blights in many wild and cultivated plants (49) . Clades corresponding to Thanatephorus, Ceratobasidium, Waitea, and Uthatobasidium were detected in this analysis. The basidiomycetous yeasts detected include multiple FIG. 3. Phylogenetic identification of basidiomycete sequences amplified from KBS-LTER soils. Neighbor-joining tree of the 241 environmental sequences together with 665 named reference sequences from GenBank, after which the reference sequences were pruned to depict the placement and identity of the environmental sequences. Numbers in parentheses following terminal clade names (38) indicate the numbers of "species" recovered, based on a definition of Ն99% sequence similarity. Numbers at nodes are bootstrap values indicating support for nodes including reference sequences, based on a neighborjoining bootstrap analysis with 1,000 replicates. Vertical bars at right indicate seven of the eight major clades of Homobasidiomycetes recognized by Hibbett and Thorn (24) plus the Ceratobasidiales and Heterobasidiomycetes (Gom./Phal., gomphoid/phalloid; Hymeno., hymenochaetoid; Ceratobasid., Ceratobasidiales; Heterobasid., Heterobasidiomycetes). The height of a clade triangle is proportional to the number of clones recovered, and the width is proportional to terminal branch lengths (scale bars at upper left). Blastocladiella (Chytridiomycota), Blumeria, Neolecta, and Taphrina (Ascomycota) were used as the outgroup.
7054
"species" of the polyphyletic genus Cryptococcus, which is common in soils in association with plant roots (43, 53) . The absence of boletes and the low number of "species" detected in the gomphoid/phalloid, russuloid, and thelephoroid clades may be due, at least in part, to insufficient sampling, but many of the boletes and rususloids and most or all thelephoroids are ectomycorrhizal and would not be expected in agroecosystems that lack suitable host plants (11, 24) . Nonetheless, we found two "species" of Tomentella (thelephoroid clade) and one "species" each in Inocybe and Cortinarius (euagarics clade) that are undoubtedly ectomycorrhizal. Saplings of ectomycorrhizal host trees (Populus and Quercus) are present in the successional plots at KBS-LTER and even occur sporadically in the plots of maize-soybean-wheat rotation. These scattered saplings are apparently sufficient to host a small number of what Arnolds (6) terms "alien ectomycorrhizal fungi" within the grassland and agroecosystem communities. These "aliens" contributed very little to the total diversity detected, which appears to consist mainly of species that are native to grasslands and agroecosystems. Similarly, our list was not dominated by basidiomycetes, such as Calvatia (giant puffballs), Ganoderma (massive polypores), or Puccinia (stem and leaf rusts), which are known to produce trillions of airborne basidiospores in the region (12, 35) . Thus, we think that the species we detected are resident in KBS-LTER soils.
Within agroecosystems that have been traditionally regarded as impoverished in basidiomycete diversity, we detected 241 "species" in 56 clades of basidiomycetes in just 95 samples taken on two occasions in 1 year, and we estimate that at least another third of the total diversity remains to be discovered with additional sampling. This unexpected diversity consists of species that lack fruiting bodies, e.g., basidiomycetous yeasts, those with inconspicuous fruiting bodies that would be easily overlooked, e.g., Ceratobasidiales, Hyphoderma and Sistotrema, and mushrooms with conspicuous but ephemeral fruiting bodies, e.g., Agaricus, Entoloma, Hygrocybe, and Geastrum. Experience from Europe (5) suggests that it would take years to observe and collect even the species with conspicuous fruiting bodies, and those without such structures would still be missed. A culturebased study of the same location (59) detected 51 morphospecies of basidiomycetes in 64 soil samples; however, their sampling included several treatments (e.g., perennial alfalfa, old field, conifer forest, and hardwood forest) that were not sampled in our study, and few of the morphospecies could be identified by their morphology in culture. Thus, our method based on selective amplification of basidiomycete DNA detected a greater diversity with much better identification than was obtained by a culture-based method and yielded results with far less time and effort than would be required for sampling and identification of fruiting bodies. Since we sampled Ͻ1% of the study area, we are uncertain of the total diversity present. There is a large amount of uncharacterized diversity of closely related species and major clades. Replication in time and space is required to detect additional diversity and the underlying community structure. The recognition and further characterization of this diversity will have value to soil ecology, sustainable agriculture, and fungal conservation.
